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Introduction, summarv and conclusions
The hemodynamic and clinical features ol patients with a ventricular septal delect and an
obstruction to right ventricular outflow are dependent on the size ofthe defect and the severity
of the obstruction. Consequently, there is a wide spectrum of these lesions. In patients with a
large ventricular septal defect and moderate or severe pulmonary stenosis the right ventricular
peak-systolic pressure will be equal to the left ventricular and systemic arterial peak-systolic
pressure. The direction and magnitude of the blood flow will be determined by the relative
resistances imposed on the outflow by the systemic and the pulmonary circulation. A severe
obstruction to r ight ventr icular outf low wil l  be associated with a r ight-to-left  shunt and result
in a decreased systemic arterial oxygen saturation.
A serious complication in some patients with a ventricular septal delect and an obstruction
to right ventricular outflow is the occurrence of sudden, severe and acute episodes of
hypoxemia, classically described as hvpo.rit.rpcl/s. These hypoxic spells begin with moderate
but progressive dyspnea and culminate into paroxysmal hyperpnea, intensilying cyanosis
and syncope. They can be accompanied by convulsions or cerebrovascular accidents26'38 and
can result in brain damage and death.3'r8's? In general, they are not observed after great
exertion but rather, early in the morning after a good night's sleep.3e Often they are preceded
by a meal. bowel movements,s l infections,2r crying, breathholding or some other transient
event;s6 sometimes they cannot be attributed to any single environmental factor. Usually, they
do not occur in the neonatal period, but make their appearance at the age ofthree to four
months, probably due to the development of relative anemia, increased physical activity and
possibly to body growth with relative increase in right ventricular outflow tract stenosis.a5 The
hypoxic spells disappear before the age of five years. Their duration varies from several
minutes to hours. In mild cases of the disease they may occur once every two or three months,
while in severer instances there may be several ofthese spells a day. They are not necessarily
related to the degree of cyanosiss' 38 and can occur both in deeply cyanotic and in mild to
a-cyanotic patients.
The actual mechanism responsible for the hypoxic spells is not known as yet. Several
hypotheses have been brought tbrward. Hamilton et al.20 assumed that they are precipitated
by a drop in blood pressure subsequent o a decrease in systemic resistance, which results in
an increase of the righrto-left shunt. However. a decrease in systemic resistance and increase
ofthe rightto-left shunt does not necessarily lead to a lall in arterial pressure. since a deviation
in arterial pressure will be compensated via the arterial pressorreceptors. Wood s" noted
that during a hypoxic spel l  the blood pressure does not lal l .  Guntheroth et al. t8 suggested that
hyperpnea precipitates a hypoxic spell. Hyperpnea increases the systemic return to the right
ventricle and consequently the right ventricular output. As the right ventricle has an obstructed
outl'low. the pulmonary blood flow is limited. The increased right ventricular output and
limited pulmonary blood flow lead to an increased right-to-left shunt flow and right-to-left
shunt fraction, resulting in a decrease in arterial P,r,, a possible decrease in arterial pH, and an
increase in arterial P,.o,. These metabolic changes stimulate the respiratory effort that
maintains hyperpnea and thus a vicious circle is establ ished. Rudolph+s does not bel ieve that
hyperpnea is an important mechanism in the precipitation of a hypoxic spell. He stated that
when pulmonary blood flow is maintained, the total amount of oxygen taken up by the lungs
will not be influenced and consequently the amount of oxygen available for the tissues not
affected. This is only partly correct. because a lall in arterial Po, will act unfavourably upon
the oxygen uptake ofthe t issues. According to Rudolphas there is a great deal ofevidence that
changes in the systemic venous return to the heart and in the systemic resistance play an
important part in the production ol hypoxic spells. This could explain why inlants immobilized
for cardiac catheterization frequently develop hypoxic spells after having received certain types
of premedication. He ascribes them to a decrease in the systemic resistance, with a decrease in
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systemic arterial pressure and hence in right ventricular pressure and pulmonary blood flow.
Furthermore, a decrease in venous return to the heart, which could result from peripheral
venous pooling, would even further reduce the pulmonary blood flow and then precipitate a
hypoxic spell.
Brocks assumed that a sudden, transient or sustained increase of tone in the myocardium
of the right ventricular outflow tract, by others referred to as infundibular spasm, was the
underlying mechanism of a hypoxic spell. Woods? offered circumstantial evidene in favour
ofthis explanation, since he had noted an attenuation or disappearance ofthe pulmonary
systolic muÍÍnur and a reduction of the arterial oxygen saturation and pulmonary blood
pressure during a hypoxic spell. Braudo andZiona also supported this hypothesis. Johnson22
speculated that an increased secretion of norepinephrine may play a part in precipitating
hypoxic spells. This hypothesis excludes the theory that a decrease in systemic resistance could
be the mechanism that precipitates a hypoxic spell. He suggested that medical therapy for
hypoxic spells aims at the diminution of sympathetic activity and the prevention of increased
norepinephrine secretion. The hypothesis that a spasm ofthe right ventricular outflow tract
is the underlying mechanism of a hypoxic spell, was supported by the observation that
beta-adrenergic blocking agents, which decrease myocardial contractility, may relieve hypoxic
spellslz' t r' ++' +8 and decrease their incidence .r1 '12'43 The favourable flects of beta-adrenergic
inhibition were deduced from the increase in arterial oxygen saturation at restr2'13'21'43'4'7
and during exercise,2l'47 the increase in intensity and duration of the systolic murmur of
pulmonary stenosis,ra'43'48 the decrease ofright-toJeft shunt fractionl2'13 and right-toJeft
shunt flow.a? A long-term treatment with propranolol of patients with a ventricular septal
defect and an obstruction to right ventricular outflow proved disappointing.aa According to
Eriksson et al.ra this is due to an improper selection ofcases. Essential for the beneficial effects
of beta-receptor blockade are, frrstly, that the obstruction to the blood flow is mainly situated
in the infundibulum and, secondly, that it is to some extent reversible, i.e. dependent on the
force of muscular contraction. Although these conditions were fulfrlled in the patients selected
by us, our attempts to prevent hypoxic spells by propranolol treatment were not successful.
This study was undertaken to investigate the changes in the hemodynamics before and after
the administration of propranolol in patients with a ventricular septal defect and an
obstruction to right ventricular outflow. In the course of the investigation it became evident,
that measuring of the effective pulmonary blood flow is essential to judge the effect of
propranolol in these patients, as changes in the pulmonary blood flow can result from changes
in the left-to-right shunt flow as well as in the effective pulmonary blood flow. Moreover, the
right ventricular outflow resistance as well as the systemic resistance were calculated, since
both can influence the pulmonary blood flow. r7 Patients with a ventricular septal defect and
an obstruction to right ventricular outflow were investigated. Chapter 2 presents the clinical
data and describes the methods used. Under sedation z Lehman catheters and r or z fiberoptic
catheters were introduced, except for two cases where instead of one of the Lehman catheters
a double-lumen catheter was used. The tips of the Lehman catheters were advanced towards
the right ventricle or pulmonary artery and the ascending aorta, respectively, and those ofthe
fiberoptic catheters to the thoracic aorta and if possible to the left atrium. Simultaneous
recordings were made of electrocardiogram, phonocardiogram, respiration, right ventricular
and/or pulmonary arterial pressure and aortic pressure. In addition to the simultaneous
recordings oxygen saturations were measured and dye-dilution curves made. From the
recordings and measurements he following quantities were derived: peak-systolic pressure
difference between right ventricle and pulmonary artery, left-to-right shunt fraction and
right-toJeft shunt fraction, pulmonary blood flow, systemic blood flow, left-to-right shunt
flow, right-to-left shunt flow, effective blood flow, heart rate, right ventricular outflow
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resistance and systemic vascular resistance. The measurements were made under control
conditions and r 5-zo min after the intravenous administration of o.o5 mg .kg- I propranolol.
Three ways of calculating blood flows and shunts were used.
In chapter 3 the results obtained in each patient are presented. The patients are divided into
3 groups. Group I consists of 5 patients with a ventricular septal defect and an infundibular
pulmonary stenosis, group 2 consists of 5 patients with a ventricular septal defect and a
valvular pulmonary stenosis and group 3 consists of 7 patients with a ventricular septal
defect and an infundibular and valvular pulmonary stenosis.
In chapter 4 the results are discussed in connection with a summary of the literature.
Attention is paid to the influence of the bronchial blood flow on the measurement of shunts'
and flows in patients with a ventricular septal defect and an obstruction to right ventricular
outflow (tetralogy of Fallot). A systematic difference was found between the shunt fractions
calculated from oximetric data and those from dye-dilution curves, which, however, may be
explained by assuming the presence of a substantial bronchial flow. According to the theory
the left-to-right shunt fraction obtained with the former method will be an underestimation;
that obtained with the latter method an overestimation of the true shunt fraction. while for the
right-to-left shunt fraction the opposite is true. Therefore the values obtained with the two
methods were averaged. The increase in arterial oxygen saturation and pulmonary blood flow,
and the decrease in right-to-left shunt fraction and right ventricular outflow resistance,
commonly used as quantities expressing a favourable reaction to the administration of
propranolol in these patients are discussed.
On the ground of the results of this investigation, the following conclusions can be
formulated.
r To evaluate the effect of propranolol, administered to patients with a ventricular septal
defect and an obstruction to right ventricular outflow, changes in systolic murÍnur over the
pulmonary area, arterial oxygen saturation, right ventricular outflow resistance and pulmonary
blood flow have hardly any predictive value.
z The right ventricular outflow resistance as well as the systemic resistance are influenced
by propranolol; both factors play an essential part in the ensuing hemodynamic hanges in
these patients.
3 The most reliable way to quantitate the effect of propranolol is to determine the effective
blood flow.
4 The increase of the effective blood flow, after the administration of propranolol in the
patients studied, is too small to justify propranolol treatment for the prevention of hypoxic
spells.
5 Propranolol is useful for the treatment of hypoxic spells, when these spells are accompanied
bv tachvcardia.
